Aeromagnetic data for center-east Cameroon between the latitudes 3.5˚ to 4.5˚N and longitudes 12˚ to 12.5˚E are used to further study the subsurface area of this part of the geological Province of Central Africa and the Congo Craton. The GIS and GEOSOFT v6.5 softwares are used to treat the data. This analysis enabled us to explore our study area from surface right to the base. The Tilt Angle method is used to delineate geological structures and to estimate the depth. The Euler's deconvolution method is used to estimate the specific depth of structural contacts. We estimate the northern boundary of the Congo Craton and southern boundary of the Pan-African starting from 3˚7'N of West to 3˚75'N of East. Its depth is estimated around 2.6 km for deep and 0.1 km for shallow while the direction is WSW-ENE and the NW slope varies from 30˚ to 60˚. We obtain that main and minor lineaments exist throughout, from the surface to the base of the area with their principal direction being SW-NE. We also obtain the vertical gradient contact and the quasihorizontal contact. This is proof of the subduction of the Pan-African belt under the Congo Craton due to the intense collision which caused the rejuvenation of the crust. The main consequence of this collision is the formation of pudding 926 International Journal of Geosciences and fold structures, beginning from the superficial part right to the base and which caused the intrusion of schistose, chlorite-schist, quartzite in the micaschist and the intrusions of gneiss and garnetiferous schist in the migmatite. In our study, we highlight the presence of 37 major and 523 minor lineaments that localize the circulation of minerals. The probable slope of the lineaments in the northern part of the region varies from 30˚ to 60˚ in a SE direction while in the southern part, and it varies from 30˚ to 60˚ in a NW direction.
Introduction
The Magnetic method is one of the best geophysical techniques used to delineate subsurface structures. Generally, aeromagnetic maps reflect the variations in [6] [7] [8] [9] . Other studies combining geology and geophysics were conducted in this area to estimate the mineral resources [10] [11] and to estimate the probable position of the Congo Craton boundary [7] [10] [12] . All of these studies showed the main lineaments in this region. The base faults are very difficult to highlight [13] . The same authors underline the difficulty of interpreting the directions of folds in the base. To the South of our study area, [14] have underlined the major network lineaments identified in the area under study which extend from the SW to NE with a major trend WSW-ENE and can also be connected to those identified SW-NE by [6] . Do these major network lineaments extend to our region of study? The use of aeromagnetic data enabled us to study the major and minor structures in their depth and geometries and thus to highlight the presence of mineral resources.
Geology and Tectonic Setting
The geological mapping of the study area ( Figure 1 ) was first done by [13] [15] .
The study area encompasses a 6207.73 km 2 area that includes rocks resulting from the intermediate series, made up of schist and quartzite formed following an epizonal metamorphism. This is composed of series rocks of magnesians and migmatite. The area is included also in the Yaounde series and it is constituted Figure 1 . Geologic map of the study area (copy [13] [13] . It belongs indeed to the meta-sediments series of Dja-Ayos-Mbalmayo-Bengbis, [16] . Pelitic schists have been identified along the Yaounde-Akonolinga axis [17] . [18] considered the Ayos, the Mbalmayo and the Bengbis basins as being of a Precambrian mean age. Structurally, the Yaounde series are made up of juxtaposed rock units which are interpreted as a large nap that is thrusted southward onto the Congo Craton [19] . The series of AyosMbalmayo-Bengbis-Akonolinga are mainly composed of schist and quartzite.
The composition is made up of chlorite-schist, mica-schist with or without muscovite, gneiss and slate with numerous veins of quartzite running through them. The series of Ayna is mainly composed of ectinites and migmatite. The composition is made up of gneiss, quartzite and mineral quartzites. The base complex series of garnet is mainly composed of ectinites and migmatites. As for ectinite, it constituted of mica-schist, gneiss and mica-quartzite while migmatite is constituted of mica-schist migmatite and embreschite gneiss. The quartz and pegmatite vein are observed in the north-western part of the region [13] [15].
The study area is a part of the mobile area between the Congo Craton (CC) Figure 1 ). Geophysical studies [7] [10] [23] show that the boundary of CC and Pan-African is around 4˚N. The tectonic features (faults and folds) are fitted into the CAFB's deformation history and could be due to the Tran Saharan east-west collision system [24] . Some buried faults have being confirmed in the geophysical studies [11] [23] [25] .
Aeromagnetic Data and Methods

Origin of Data
The aeromagnetic data for the center-east region of Cameroon was acquired in 
The TMI map was reduced to the equator to ameliorate problems that are associated with low-latitude magnetic data [26] . RTE is complementary filter to Reduction-to-Pole (RTP) procedure. It transforms anomaly of non-zero inclination into an anomaly that would be observed on the same body with zero inclination. The RTE can be expressed as: 
Tilt Angle Approach
Also known as Variation of inclination, the tilt angle is a transformation which includes the first vertical derivative and the module of the first horizontal derivative of the anomaly of residual TMI reduced to the equator. The advantage of the tilt angle is that, compared with the other methods, it does not require the knowledge of parameters such as (density, magnetic susceptibility, structural index etc...). The other advantages of this transformation of the tilt angle are that, by computing an angle, all the forms are represented in a similar way; such that the anomaly either has minimum or maximum amplitude and that it also allows mapping the features with high resolution. Indeed, the arc-tangent function has International Journal of Geosciences as effect, to distribute the signal calculated between −90˚ and + 90˚. The tilt angle applied to the anomaly of the magnetic field reduced to the equator permits to estimate the depth of the upper end of the sources. According to [27] [28]
[29] it is given by:
where 
Euler Deconvolution Approach
Euler deconvolution [30] is a method of estimating the depth of subsurface magnetic anomalies and can be applied to any homogeneous field of magnetic data [31] . In Euler's method, the structural index must be assumed as prior information because the quality of the depth estimation depends mainly on the choice of the proper structural index, which is a function of the geometry of the causative bodies and characterizes the rate of the variation of the anomaly intensity with a distance.
[30] [32] showed that the optimum structural index usually yields the tightest clustering of the solutions. The depth estimates from magnetic data are more accurate with the equator-reduced magnetic field. The estimated
Euler sources for the single-points are based on computing Euler's homogeneity Equation (4) and result in clusters used to constrain the overall geometry of the model. The 3D form of Euler's equation can be defined [33] as:
where B is the regional value of the total magnetic field and ( )
x y z is the position of the magnetic source, which produces the total magnetic field F measured at (x, y, z). N is the Structural Index on how characterize the source.
Therefore, we have assigned a value of 1.0 as a structural index to locate the possible magnetic contacts because it is particularly good at delineating the subsurface contacts. We used an overlapping moving window of 10 km by 10 km, a tolerance of 20% and a proportioned symbol base of 235. 
Results
Anomaly of Total Magnetic Intensity in the Studied Area
The anomaly of the total magnetic field (TMI) is presented as 2D and 3D maps in Figure 2 
Anomaly Total Magnetic Intensity Map Reduced to Equator
The map of Figure 3 is the TMI-RTE, which also shows the great anomalies of minimal amplitude −200 nT and maximum amplitude +110 nT, with long wavelengths. Generally, the anomalies preserve their forms compared to the TMI.
This matches with the superposition of the greater part of the anomalies observed on the TMI of the geological sources hidden under the cover. We notice the intrusion of the quartz mineral and the pegmatite and quartz in the mica-schist of the study area (around Alata). Also, we have the intrusion of the chlorite-schist, the quartzo-schists, the schists, the garnatiferous, micaschists, the quartz with two micas, and the gneiss in south part of the study area.
Total Magnetic Intensity Residual of Study Area
To the south of the positive anomalies, the passage from the positive anomaly to the negative anomaly is quasi-vertical and represents the vertical contact from the covers right to the base. To the north of the positive anomalies, the passage from the positive anomaly to the negative anomaly is quasi-horizontal and marks the overlapping of the geological formations. We observed that magnetic directions are linked with the tectonic lines. We noted a curvilinear contact to the south of the positive anomalies between the parallels 3˚47'N and 3˚75'N.
This contact (black line in Figure 4 ) is the vertical contact starting from the covers to the base. We assimilated it to the prolongation of the limit of the CC and the Pan-African as underlined by [7] [10] [11] along the parallel 4˚N.
Variation of Inclination Angles (Tilt Angles)
Figure 5 The map of Figure 9 shows the superposition of the features resulting from the VMI and the Euler's solutions which are almost parallel and their slopes are similar to those obtained within the framework of the geological study. with average W-E strike and a steep dip of 61˚ [11] . This is the reason why the magnetic method is the best for the study of structures. The slopes are similar to those observed previously.
Discussion
The anomalies of the TMI (Figure 2 ) obtained during the processing of our data have as global direction, SW-NE, corresponding to the structures related to the schistose intrusions. This confirms the results of the gravimetric study made by [6] [7] .
We assembled the structural map of the VMI (Figure 5 (a) & Figure 5(b) ) and the Euler's solution Deconvolution, and checked that the main structural direction is SW-NE. This structural direction had equally been obtained by [6] [7] , in an audio-magnétotelluric study carried out by [12] and in an aeromagnetic study done by [10] . The structural map makes it possible to observe a network of faults in our study area and thus to show that the network of faults observed by [14] in the southern zone of our area is prolonged into our zone. The continuity of this prolongation eastwards of our zone is highlighted in the audio-magnétotelluric study done by [23] .
We showed that on the southern frontages of the positive anomalies, the passage from the positive anomaly to the negative anomaly (Figures 2-4 ) is characterized by vertical geometries especially the gradient in the center-south of our zone between Akonolinga and Koundou down to the south of Obis. Geometrically, this structure describes the open synclinal transposed on vertical foliations: the major faults along the northern limit of the CC as [7] in a gravimetric study also obtained; on the northern fronts, the passage from the positive anomalies to the negative anomalies (Figures 2-4 The map of VMI ( Figure 5(a) ) shows that the contacts are not simple; we observe boudinages in the south and folds in the center on a hundred meters scale.
These contacts are compatible with those of the map of TMI-RTE (Figure 3 ).
They show a series of deformations with a principal SW-NE direction under International Journal of Geosciences conditions which are realized in extreme cases of the metamorphic state, which according to [17] have a rather recent deformation.
These conditions of deformation are underlined by the presence of the mica-schist in the South, of the schists in center-east and compound gneiss in the center-west of this area. From this study, we have therefore supposed 6 zones of major interest represented by circles on the VMI map ( Figure 5(a) ); three in the south and three in the north. It exhibits many more major features than the map of the variation of the inclination thus making it possible to see that in our study area, the major features go from the cover to the base.
The features show a base strongly affected by tectonics which characterizes the transition between the zone from the Congo Craton and the belt from folds for the Pan-African. This, together with the previous observations leads us to say that our zone of study belongs to the mobile zone of the Central Africa as in the gravimetric study made by [11] .
Conclusions
The main results obtained in this study highlight new elements which allow the improvement of our knowledge on the geological structures of the study area.
The tilt angle method is used to delineate geological contacts and structures and to estimate the depth and the length. Principal and secondary lineaments are determined with the main direction being SW-NE. We observe that there is a faulting system in our study area. We estimate the northern boundary of the CC and the southern boundary of the Pan-African starting from 3˚47'N to 3˚75'N; its depth is estimated around 2.6 km for the deep part and 0.1 km for the shallow, the direction is WSW-ENE while the slope (NW) varies from 30˚ to 60˚. This study enables a better knowledge of the subsurface structure of this area.
This study has enabled us to show that the collision of the CC block and the Pan-African block included the features and led to a rejuvenation of the crust in this part. This renovation brought about intrusions of schistose, chlorite schistose, quartzite in the mica-schist and the intrusions of the gneiss-garnetiferous in compound gneiss. During these events of the synclinal and anticlinal geological deformations arose, followed by the installation of boudinage structures and folds; the pegmatite and quartz seams were also formed. Six mining zones of interest were thus identified, three in the south and three in the north. A geophysical exploration will enable us to specifically stress on these zones of interest.
